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& O2 Production System with Pre-Heater
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& Production System with Heat Recovery k&
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\

4/%% Design Constraints and Assumptions &LE

« Treat shell and tube sides as two separate control volumes
« Well-insulated heat exchanger

« Well-mixed control volumes = Control Volume temperature
IS the same as outlet temperature.

* Fully developed flows.

 No mass accumulation in control volume = Steady state
mass flows.

« Constant and low conduction resistance.

* Uniform, constant fluid properties on shell and tube sides.
* No external work on the system.

« Hot fluid in the tubes.

« Counter current flow configuration.
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Mass Balance

e General Mass Balance
= Y=y
— = m4 — m
dt 1 2

 Mass Flow Rate of Shell = m

k
m, = 3.95x10* ~2
S

 Mass Flow Rate of Tube = m;

k
i, = 9.86x105 2
S
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Fluid Properties

Shell Inlet Fluid

Properties
Specific Heat (Cp) [kJ/kgK] 1.006
Temperature (T) [°C] 25
Tube Inlet Fluid
Properties
Specific Heat (Cp) [kJ/kgK] 1.154
Temperature (T) [°C] 519
Constants

Convection Coefficient (U,) [W/m?K]
Surface Area (A,) [M?]
Mass of Fluid in Shell (m,) [kg]
Mass of Fluid in Tubes (m,) [kg]
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Control Volume Fluid
Properties

1.089
117

Control Volume Fluid
Properties

1.089
117

0.12
0.58
0.0049
0.0014



& Energy Balance - Heat

General Energy Balance

d(mCp(T =T ) — U
(m p(dt ref))=zm1'h1_zm2°h +Q—-W

Heat Transfer Rate (Q)
- Q=UA(AMTD)
— Arithmetic Mean Temperature Difference (AMTD)

Tia + T, Toq + T,
AMTD = t12 t_ 512 S

Enthalpy rate (mh)
- mh = mCpAT
External Work (W)
- W =0
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& Energy Balance

* Shell and Tube Dynamic Model (DM)

— Tube Energy Balance

dTy _ Mg - Cppy Up4o

Ty + Ty Tgq + T

m
- (TTl - Tref) - #(Tt - Tref) -
t

dt mt * Cpt mt ¢ Cpt

— Shell Energy Balance

dTs _ ms + Cpsy

(

2

Ty + T, T + T

2

mg UpAo
de mg - Cps (T51 - Tref) - E(Ts - Tref) + mg - Cps
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.

« Shell and Tube Steady State Model (SM)

— Tube Energy Balance

Uy, (T— +T Ty
2

m,-C
0= t * LPt1

e
]
N——

_ my
(Ttl - Tref) - #(Tt - Tref) -
t

me « Cp mg « Cp

— Shell Energy Balance

ms ' Cpsl — ms — Uvo T_tl + ’Ft Tsl + ’fs
= Ter — Trer) — — (Ts — Trep) + —
my - Cps s1 ref) m ( S ref) my - CPg( 2
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 Shell and Tube DM — SM
— Deviation State Variables

91=Tt1_T_t1_Tref 83=T51_K_Tref
02=Tt_’ft_Tref 94=TS_TS_Tref
— Tube Energy Balance
do m, - C U,A 6, +6 6, + 6
2 _ M- pt1(91)__(92)_ 0o 1 2 U3 4
dt mt C t mt * Cpt 2 2
— Shell Energy Balance
d94 _ Ps1 (93) o my (94) u,A, (61+ 6, B 0; + 6,
dt ms mg + Cpq 2 2
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& State Space (MISO)

|

x = Ax + Bu
y=Cx+Du
U, A, My U,A,
64] — ZmSCpS mg ZmSCpS 94] +
92 Uvo . Uvo . mt 02
! 2m:Cp; 2mCp; mg.
. Uvo + mscpsl Uvo
stCps mscps stcps. 93]
Uvo . Uvo + mg Cptl 91
2mCp; 2mCp; mCp; |

y=04=1[1 0]

0,4 0;
92] +0 [91]
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Open Loop Response
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No overshoot.

2% Steady State Error or less.
No rapid change in temperature.
Steady State in less than 3 hours
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Closed Loop Response
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ff Conclusion _ A

A Heat Exchanger designed for Heat Recovery

In High Temperature Oxygen Production System
was analyzed

« A Simplified Dynamic model was developed to
approximate the outlet shell temperature

« PID Controller is designed to ensure outlet shell
temperature is maintained at given setpoint

« Based on the tuning, desired requirements
Including settling time can be achieved.
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Thank you
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Shell

dE. dT _

d—; = Mg * Cpsy * diz = Mg (EPH (Tsy = T,) = Cps;(Ts, = T,)) + = x (TTI +Trp — (Tsy + Tsy))
Tube
ll'iET ll'iT'rz . U, * 0
gy mr* Cprz * “dr mT(CPTl (Try = T.) = Cpry(Tr, = T,)) = - * (Tn +Trp = (Ts; + Tsz))

Steady State Shell (S5S)

) U,=A
0 = nig (EPSI[TSI - Tr) — Cps, [Tsz - Tr)) +— 9 = (TTl + Tpp — (T.S'l + Tsz))
Steady State Tube (SST)

X — U
0= mT(CPTI(TTl -T.)— CPTZ[E' Tr):] -

0
" (TTI + T = (T5; + Ts3))

555 = SST
0= ms(c}"n@ - Tr) - C'Psz@ - Tr))+ T.“T (Epn @ - Tr) —Cpry [T_TE - Tr)]

Mg (CT’H (Ts; — Tr))"' ";“T(Epn (Try — Tr)) = Mg (Cﬂsz (Ts, — Tr)]-l- TF”T(EPTE (Trz — Tr))
ms(Cpsy(Ts1 — Tr))+ mp(Cory (Try — T1)) + (s * Cpsz + mig * Cpr) Ty = mis(Cpso (Tsz) )+ e (Cora(Tr2))

(EPSI (Ts: — r))+ mT[:CPTl Tty — r):] + [m.s * Cpgp + mig * Cprp)T, T =T
Ms(Cpsz) + mir(Cprz) T2 st
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